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A new method for generatin g earthquak e
SYNOPSIS :
spectrum as the result o:L seismic hazard analysis
iihat the base bank, which is composed of recorded
should be used to select the
characte ristics,
to match the target spectrum . In this way, the

timeh histurie s compatib le with the rock Jresponse
It is suggested
wiLl be presented in this paper.
ground motions with differen t response spectrum
initial solution. And then,mod ifying it iterative ly
eart!hquak e environm ent could be considere d.
2. A great number of synthetic EGI'Js do not resemble the recorded EGMs at all. They get bad
wave form and surely lose some characte ri sties
which real ones possess. The propagat ion of fault
breakage determin es the frequenc y bnd strength
characte ristics of EGM, which control the wave
form of EGI'i. Clearly, the essentia l characte ristics of EGM are determine d with both its amplitude and frequency spectra. Followin g problems
were found in the process of generatin g EGf-'1:
(1) The phase spectrum made by random numbers
does not contain the informati on of essentic l
characte ristics.
(2) The initial amplitude spectrum correspon ding
to the stationa ry Gauss process does not include
the characte ristics of recorded EG!'-1 as well.
(3) The envelope function is the result of statistics that does not suit to describe the property of concrete sample.
(4) D.lring;th e iteration , the correctio n of the
Fourier spectrum is to fit response spectrum ,
which does not take care of the characte ristics.
To overcome above weakness thorough ly, it is necessary to hold back all informat ion of EGJI1 and
bring it into play.

INTRODUCTION
Accelera tion tirr.e history rr.ethod is the main
J?eans for the earthquak e response analysis of
1mpo~ant structure s and project sites, which
requ1res the ground motion with proper characteristics as its input. Unfortun ate]. y, the recorded earthquak e ground motions(E GM) on hand
are rather limited and they hardly meet the demands of projects . Therefor e it is a indispen sable suppleme ntary means to generate synthetic
EGfl', on the basis of statistic al characte ristics
of strong earthquak e records. It is well known
tha~ the peak, spectral characte ristics and duratlon have the reasonab le effects on the response of structu:;e . In practice , especial ly for
the earthquak e m1crozon ing, it is a common requiremen t to s yn th si ze the EGJ'Il that match given
peak ~· response spectrum S(w) and duration Td,
wt_lich are predicted by certain attenuati on law.
S1nce the early of 70's, the direct method of
generatin g EG!>; by superpos ition of sinusoid al
~aves ha~ been much developed and widely used
1n pract1ce . Generall y, the EGJv, is expressed by
equation 1.

SUGGESTION AND DISCUSSION
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a(t )= f(t)
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where: a ( t )= EGh
f(t )= envelope function
Fourier amplitude
AI(
WK == frequency
angle
= phase
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In practica l process most at use the initial
value of lf'K is a set of random m~mbers within
the interval of (0,21C') and Ak is evaluated by
the relation between response spectrum and power
spectral density. The non-stati onary of EGI'i was
acquired through the use of an envelope function
By correctin g the Fourier amplitud es iterative ly•
'
the response spectrum of EGI'l would approach to
the target. However, it has some shortcom ings.
1. There are some knotty points in the iterative
process now and then, which do not converge to
fit the target spectrum .
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A new method to generate EGJ'11 is suggested as
follows:
1. Making up EGM base bank. EG!'1 bank is composed
of recorded EG!'! with differen t magnitud e, epicentral distance and response spectrum . Among
them, proper earthquak e wave could be selected
as the input of generatin g EGI'i process. In a
sense, it is similar to the base vector group
of vector space theory.
2 •. Searching EGJ'I: base b8Ilk. According to minirr.um
residual principl e, one could search the bank to
find out the EGI': with the response spectrum that
is most similar to the target, or a group of EGI>.,
saying, the first three EGMs with rr.~ni~m residuum. Then, taking the result of se1sm1c hazard
analysis into count, selecting one EGf-'1 and scaling it to given peak value. That could be taken
for the input of iterative process.
3. Iteration . J'11odifyin g the amplitud e spectrum
i terati vel y to fit target, finally, we can get
a synthetic EGI'i apropria te to the given target

response spectrum and also with good wave form.
The new method has made some improvements in
three points.
(1) Envelope curve is a means to deal with the
non-stationary characteristics of EGM. If we
have gotten an initial. solution that contain
the essential characteristics, why should we
take the envelope curve as a constraint continuouslY: The author suggested that envelope
function could be treated as a looser con~
straint in new method. For example, let

it in five project sites for earthquake hazard
analysis. The practical results showed that the
new method provided us with the better syntheti
EGMs comparing with other old one.
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f(t)= f,(t)+ rr(t)
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where: f(t)= envelope function
L(t): average of envelope function
(t )= variance of envelope function
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EXAMPLE
On the basis of abo1'1"e thoughts, the author has
developed a corresponding program: Synthesizing
Acceleratior. Time-history of Earthquake, abbreviated as "SATE ", and has found it work
quite well. Following example is a synthetic
EGM generated by new method for the earthquake
hazard analysis of an oil plant. Fig.1 and 2
give out the time histories and response spectra
respectively.
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CONCLUSSION

I

In this paper, the author has proposed a new
way to overcome the shortcomings that commonly
used methods have. That is, constructing the
EGM base bank, which is composed of different
response spectra EGMs, then, searching the bank
to find out the EGM with the minimum response
spectral residuum, and next, modifying the selected EGM i terati vel y to match target spectrum,
finally, we can get a synthetic EGM apropriate
to the given response spectrum. The effect of
the new method has been demonstrated by using
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